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Introduct ion
Fusarium wilt caused by Fusarium udum Butler is one of the most widespread and de-
structive diseases of pigeonpea (Cajanus cajan (L.) Millsp.) in Asia and Africa. An inter-
national survey of pigeonpea diseases in Asia, Africa, and the Americas (Kannaiyan et al.
1981), initiated in 1975, showed that the disease occurred in almost all pigeonpea-grow-
ing areas on these continents. Subsequent monitoring surveys in 11 major pigeonpea-
producing states in India reported high wilt incidence in three states - Maharashtra
(23%), Bihar (18%), and Uttar Pradesh (15%) (Kannaiyan et al. 1984). Surveys in Africa
found that wilt was the only major pigeonpea disease in Malawi, Tanzania, and Kenya.
Other studies suggested that wilt caused yield reductions of up to 50% (Ryan 1981).
Wilt-related production losses in 1977/78 were estimated to be 97 000 t (worth US$ 36.4
million) in India and 14 000 t (worth US$ 5.2 million) in Kenya, Malawi, and Tanzania.
Largely on the basis of these survey results, ICRISAT set a high priority for fusarium wilt
research in pigeonpea. The research program aimed primarily at identifying resistant
lines, conducting multilocational screening for resistance, and developing resistant
cultivars. A combination of genetic resistance and cultural practices (crop rotation and
mixed- or intercropping) was expected to offer farmers a cost-effective method of con-
trolling the disease.
This work, conducted in collaboration with ICRISAT's NARS partners in different
countries, has led to the release of four wilt-resistant cultivars in different regions
• ICP 8863 (Maruti) - released in 1986 for cultivation in Karnataka, India
• ICP 9145 (Nandolo wa nswana) - released in Malawi, in 1988
• ICPL 85063 - likely to be released in 1996; suitable for postrainy-season cultiva-
tion in Andhra Pradesh, India
• ICPL 87119 (Asha) - wilt- and sterility mosaic resistant; released in 1993 for
central and southern India.
ICRISAT's Socioeconomics and Policy Division is planning a series of studies to track
the spread and impact of these cultivars in farmers' fields, and thereby to demonstrate, in
quantitative terms, the benefits that flow from research investment in genetic resources,
genetic enhancement, pathology, and technology transfer. This publication reports re-
sults for ICP 8863 (Maruti), the first wilt-resistant, medium-duration pigeonpea cultivar
to be released. Studies on the other three cultivars are planned or already under way, and
will be reported in subsequent publications in this series.
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B a c k g r o u n d
In order to breed resistant cultivars, it is essential that stable, broad-based sources of
resistance be available. By the mid 1980s, several sources of wilt resistance had been
identified at ICRISAT Asia Center (IAC). Of more than 11 000 accessions screened in
wilt-sick plots at IAC during the 1977/78 cropping season onwards, 33 showed resist-
ance to wilt (Nene and Kannaiyan 1982). Seeds collected from the resistant plants were
resown in wilt-sick plots for further purification. Seeds of these resistant lines were then
provided to breeders in national programs for further work. At about the same time, a 
few resistant/tolerant lines and cultivars were also being reported from other research
stations in India, including the ICAR (Indian Council of Agricultural Research) stations
at Pusa, Kanpur, and Badnapur.
Between 1978 and 1983, multilocational screening was carried out in India to identify
genotypes with broad-based wilt resistance. This collaborative screening program, known
as the ICAR/ICRISAT Uniform Trial for Pigeonpea Wilt Resistance (IIUTPWR), in-
volved a number of institutions - ICRISAT, Marathwada Agricultural University
(Badnapur, Maharashtra), Rajendra Agricultural University (Dholi, Bihar), the Agricul-
tural Research Station of the University of Agricultural Sciences (Gulbarga, Karnataka),
C S Azad University of Agriculture and Technology (Kanpur, Uttar Pradesh), J N Krishi
Viswa Vidyalaya (Jabalpur, Madhya Pradesh), Pulses and Oilseeds Research Station
(Berhampore, West Bengal), Agricultural College (Ranchi, Bihar), and the Indian Agri-
cultural Research Institute (New Delhi). The trial was coordinated by ICRISAT and
conducted by pathologists from ICAR and ICRISAT.
Sixty-one pigeonpea germplasm and breeding lines were evaluated at 15 wilt-endemic
locations in India. A genotype was considered to be resistant if less than 20% of plants in
all seasons of testing at a particular location wilted. Fifty-one such genotypes were iden-
tified at IAC, and other 10 by the Marathwada Agricultural University. All were me-
dium- or long-duration types with a non-determinate flowering pattern. All except ICP
9168 (which is from Kenya) originated from India; most were germplasm accessions
from the ICRISAT genebank.
This multilocational screening helped to identify - for the first time - wilt-resistant, true-
breeding lines and cultivars that maintained their resistance across wilt-endemic locations
and across years. Five pigeonpea lines (ICPs 4769, 8863, 9168, 10958, 11299) and two
cultivars (C 11 and BDN 1) were resistant to wilt across a wide range of locations and
seasons, indicating stable and broad-based resistance. These seven genotypes were later
2
included as long-term resistant controls in IIUTPWR, and remained resistant in subse-
quent years. The best performer in these trials was ICP 8863, which had maintained its
resistance since 1977, and also exhibited high yield potential. It was developed by selec-
tion from ICP 7626 (P-15-3-3), a landrace from Badnapur in Maharashtra state, India.
Meanwhile, in the early 1980s, farmers in northern Karnataka, particularly in Gulbarga
and Bidar districts, began reporting growing incidence of fusarium wilt. Production
losses mounted, and farmers sought wilt-resistant materials from the Gulbarga Agricul-
tural Research Station of the University of Agricultural Sciences. Scientists from this
station approached ICRISAT, which by this time was recognized as the main source of
disease-resistant pigeonpea lines.
The first set of multilocational trials was under way at that time, and preliminary results
indicated the strong potential of ICP 8863. This was the only available pigeonpea variety
that combined a high level of wilt resistance with broad-based resistance and a high
degree of purity. It also matured slightly earlier than the medium-duration cultivars being
grown in peninsular India. The yield advantage of ICP 8863, both in wilt-sick plots and
in multilocational trials, was so apparent that it was selected by the Gulbarga scientists.
On-station and on-farm adaptation trials at Gulbarga then began in earnest. Subse-
quently, the University conducted several large-scale demonstrations on their research
stations, and front-line demonstrations on farmers' fields. The scientists' motivation was
clear - they needed urgently to find a way to control wilt in northern Karnataka. In 1986,
ICP 8863 was released in Karnataka under the name Maruti, and helped to stem the
growing production losses. Its release was greatly facilitated by scientists and research
managers from the University and the Karnataka State Department of Agriculture.
Research evaluat ion f ramework and zones of adopt ion
The welfare gains from fusarium wilt research were estimated using a simple non-traded
goods framework based on the economic surplus model. Two adoption regimes were
defined, to reflect
• the target zone of adoption
• the zones of diffusion.
Returns to investment on both base level research and extension were calculated for the
target zone of adoption. Benefits in the zones of diffusion (i.e., wilt-endemic areas not
directly targeted by the varietal release in 1986) were calculated as net additional in-
comes over the base level of investment.
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Target zone
Northern Karnataka, where the ICP 8863 release was primarily targeted, is considered
the target zone of adoption. Wilt-related losses were particularly severe in northern
Karnataka, and it was farmers from this region (specifically, Gulbarga district) whose
demand for wilt-resistant cultivars catalyzed the fast-track development and release of
ICP 8863. Northern Karnataka has been called India's pigeonpea granary; about 118 000 t 
are produced each year from 301 000 ha (1988-90 average). The area has a favorable
adoption environment, largely because the state seed agency ensures relatively good seed
availability. It is also serviced by a good extension network operated by the State Depart-
ment of Agriculture, which helped popularize ICP 8863 through minikit trials and a 
training and visit system. Once ICP 8863 was formally released in Karnataka in 1986,
seed production was taken up almost immediately by the Karnataka State Seeds Corpo-
ration (KSSC).
Zones of diffusion
Wilt is also endemic in parts of Maharashtra, Andhra Pradesh, and Madhya Pradesh.
Pigeonpea is grown on 930 000 ha in these regions, and annual production is over
550 000 t. However, since ICP 8863 has not been officially released except in Karnataka,
efforts to popularize its use have received no support from the formal seed sector or from
extension agencies in the other states. This study defines the possible zones of diffusion
for ICP 8863 as
• districts in Andhra Pradesh and Maharashtra that border Karnataka - pigeonpea
area 226 000 ha, annual production 66 000 t 
• pigeonpea tracts in eastern Maharashtra and Madhya Pradesh - pigeonpea area
700 000 ha, production 493 000 t.
Figure 1 shows the distribution of pigeonpea throughout India, and highlights regions
where the crop occupies a relatively high percentage of gross cropped area. Figure 2 
shows the wilt-endemic areas in central India identified during the 1975-80 interna-
tional survey of pigeonpea diseases.
Research process
It is important to document the time frame for research, development, and extension
because this is an important input for the economic assessment discussed in this paper.
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Table 1. Steps in the research process leading to the release of ICP 8863.
1975/76 Selection from landrace
1977 Original collection sown in a wilt-sick plot at IAC; seeds collected from
resistant plants resown in wilt-sick plots for further purification
1978-83 Multilocational screening under the collaborative ICAR/ICRISAT trials
(IIUTPWR); further purification
Early 1980s In response to farmers' demands for a solution to the growing wilt prob-
lem, Agricultural Research Station in Gulbarga obtains wilt-resistant lines
from ICRISAT
1984-85 On-station and on-farm adaptation trials
1986 ICP 8863 released in Karnataka under the name Maruti
The total research lag (i.e., the time taken from selection to release) for ICP 8863 was
about 11 years. Table 1 gives a chronological account of the various steps in this process.
Scientists at the Gulbarga Agricultural Research Station, who initiated the release of the
cultivar, estimate that the ready availability of ICP 8863 material from ICRISAT essen-
tially shortened their R&D lag by 50% (personal communication 1994). Another 4 years
were added to the research lag to account for seed multiplication and front-line demon-
strations conducted by institutions in Karnataka from 1986 to 1989.
Adopt ion - t racking the spread of ICP 8863
After almost 20 years of research on fusarium wilt - from problem identification to prod-
uct development and dissemination - it is of prime interest to determine the extent to
which products emerging from this research are utilized. This section discusses patterns
and levels of adoption of the first research product - ICP 8863, both in the target zone of
northern Karnataka and in the diffusion zones in other states of India.
Survey design and methodology
Pigeonpea is generally grown in highly variable semi-arid tropical environments, where
adoption is expected to be non-uniform. A systematic tracking approach was therefore
developed. Information from several sources was pieced together to form a composite
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F i g u r e 1 . D i s t r i b u t i o n o f p i g e o n p e a i n I n d i a .
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Pigeonpea percen tage of
gross c ropped area
1 - 5
5 - 1 0
1 0 - 4 0
F i g u r e 2 . I n c i d e n c e o f f u s a r i u m wi l t o f p i g e o n p e a i n I n d i a , 1975-80.
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Wilt incidence (%)
1 - 10
1 0 - 4 0
4 0 - 1 0 0
picture of the spread of ICP 8863. Seed sector sales, area estimates by subject matter
specialists appointed by the Department of Agriculture and Extension, farm-level recon-
naissance, formal surveys, all provided data. The strategy used to track adoption and
impact (and thereby estimate the benefits from R&D investments) is a two-pronged
approach.
• NARS, government agencies, and private and public seed companies were visited
to elicit information on ICP 8863 area/production, and seed production, multipli-
cation, and distribution
• on-farm surveys were conducted to determine the extent and rate of adoption and
the impact of improved cultivars in farmers' fields.
Selection of samples for the adoption survey was carefully designed to ensure that the
sample derived was representative of the two adoption regimes, i.e., the target zone and
the diffusion zones. The selection of survey sites was based primarily on secondary dis-
trict-level data and a reconnaissance survey of pigeonpea-growing districts. Field obser-
vations and interviews with research and extension staff pointed to specific regions and
districts where pigeonpea is important. Sample districts were identified by analyzing dis-
trict-level data trends in area, production, and yield, and growth rates within and across
regions and years. Table 2 shows pigeonpea area and production in the regions covered
by the study.
Stratified multi-stage sampling was used to select a sample of farmer respondents. Once
the pigeonpea-growing districts in the study area were identified, blocks (the next admin-
istrative level) were classified under two strata according to the intensity of pigeonpea
cultivation. Block level data on pigeonpea area were obtained from the offices of the
Department of Agriculture in each identified pigeonpea growing district. One block was
then randomly selected from each strata, providing a representative sample of two blocks
from each district. Sample villages were randomly selected from each block; and based
on a sampling frame of village-level data obtained from each sample block, a random
sample of farmers was taken from each selected village.
A survey questionnaire and modules were developed to obtain structured information on
basic farmholding characteristics, land use/cropping system, adoption of wilt-resistant
ICP 8863, farm cost structure, postharvest practices, and seed utilization.
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Patterns of adoption
Results from the adoption surveys confirmed the large-scale adoption of ICP 8863
(Maruti) in the target zone of adoption (Table 3, column 2). Adoption in northern
Karnataka steadily increased from 5% in 1987 to 55% in 1991, peaking at almost 60% in
1992/93. It is expected that the ceiling level of adoption will hold at this value because the
formal seed sector (KSSC and the private sector) maintains seed supply to meet 15% of
total seed demand (KSSC, personal communication). Much of the demand will continue
to be met by informal farmer-to-farmer seed channels.
T h e zones of diffusion for ICP 8863 are the pigeonpea-growing regions in the states of
Andhra Pradesh, Maharashtra, and Madhya Pradesh. In particular, this includes eight
pigeonpea-growing districts in Andhra Pradesh and Maharashtra, near the borders of
northern Karnataka; and pigeonpea tracts in eastern Maharashtra and southern Madhya
Pradesh.
These diffusion zones were delineated from the target zone in order to study the spread
of ICP 8863 across states into areas where, because it has not been released, its spread
depends solely on informal channels that may have evolved.
T a b l e 3 . A d o p t i o n o f I C P 8863 ( a s a p e r c e n t a g e o f t o t a l p i g e o n p e a a r e a ) i n
K a r n a t a k a , M a h a r a s h t r a , a n d A n d h r a P r a d e s h , 1 9 8 7 - 9 3 .
Dist r ic ts b o r d e r i n g K a r n a t a k a
Y e a r K a r n a t a k a
R a n g a r e d d y
( A n d h r a P radesh )
O s m a n a b a d
( M a h a r a s h t r a ) M a h a r a s h t r a
1987 4 . 8 0.0 0.0 0.0
1988 8.8 0.0 12.9 0.0
1989 8.6 3.5 2 4 . 3 2.2
1990 18.0 10.2 18.6 2.0
1991 55.1 3 4 . 3 36 .6 4 .0
1992 59 .4 4 8 . 9 4 0 . 6 13.2
1993 58 .9 5 1 . 8 58 .7 17.2
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The districts bordering northern Karnataka were considered first because farmers in
these areas have indirect access to reliable sources of seed even though the variety has not
been officially released. Interactions with local government officials, seed dealers, and
farmers in northern Karnataka (near the state borders) indicated that demand for ICP
8863 was increasing in the neighboring districts in Andhra Pradesh and Maharashtra.
Adoption trends in these border districts are interesting (Table 3, columns 3 and 4).
While wilt occurs every year in this area and yield losses ranging from 10% to 30% have
been reported, it took almost 2 years before adoption of the first wilt-resistant variety
took place. However, once farmers became aware of the durable wilt resistance in ICP
8863, adoption picked up rapidly. Certified seed was available from the neighboring
district of Gulbarga, which is the main seed production center in Karnataka. ICP 8863 is
now very popular among farmers in this diffusion zone; on-farm surveys showed that
adoption has reached 100% in some villages.
In Maharashtra, the demand for ICP 8863 has been growing, especially in the wilt-
endemic areas of eastern Maharashtra. Farmers essentially depend on a few progressive
farmers who produce seed, and on seed dealers who obtain only limited amounts of
certified seed from KSSC for multiplication and sale. One private seed agency, Mahesh
Seeds, began ICP 8863 seed production in 1990 and claims to be able to supply only
about 1% of total demand in the districts of Yeotmal, Akola, and Amravati in eastern
Maharashtra. The agency sells Maruti seed to farmers for double the KSSC market
price.
The wilt-endemic areas of eastern Maharashtra clearly represent a constrained adoption
scenario. Farmers in this area report that wilt is an annual occurrence; incidence of up to
69% has been reported in some districts (Kannaiyan et al. 1984, Nene et al. 1989).
However, farmers do not have ready access to ICP 8863 through the formal seed sector,
and are severely constrained by the inadequacy of informal seed channels, which have
evolved rather slowly due to limited access to breeder and certified seed from KSSC
(whose priority clientele is in Karnataka). The survey results reflect the consequences -
a 2-year adoption lag and slow adoption, reaching less than 18% after 7 years. It is
expected that farmer-to-farmer seed distribution will remain the major source of adop-
tion unless government agencies facilitate the release of Maruti in Maharashtra.
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Complementary information on adoption
Information was gathered from various sources to complement the primary data ob-
tained from the formal surveys. These sources include seed agencies, NARS scientists,
and staff of the Department of Agriculture.
Seed production and distribution data from both public and private seed companies
provided clues to the spread of the cultivar and helped define target areas. KSSC reports
that between 1990 and 1994, sales of Maruti seed have increased in absolute terms from
49 t to 140 t, and as a proportion of KSSC's total sale of pigeonpea seed from 32% to
47%. Maruti now covers large tracts in several districts in Karnataka, including
Gulbarga, Bidar, Bijapur, and Raichur. Based on seed sales data (Table 4), and using the
farmers' average seed rate of 10 kg ha-1, the area sown to Maruti in these districts is
conservatively estimated at about 95 000 ha.
T a b l e 4 . P i g e o n p e a s e e d s a l e s b y t h e K a r n a t a k a S t a t e S e e d s C o r p o r a t i o n ,
1 9 8 8 - 9 4 .
Seed sales (t) in different years
Var ie ty 1988 1989 1990 1991 1992 1993 1994
I C P L 8 7 - - _ 3.4 11.7 17.6 10.0
H Y 3 C 14.3 18.5 25 .2 11.0 12.4 2.1 20 .0
G S 1 53 .4 52 .6 46 .9 - 32 .6 21 .0 30 .0
T T B 7 - 13.9 9.9 38 .4 35 .8 36 .0 40 .0
P T 2 2 1 23 .9 30 .7 2 1 . 3 51.9 28 .1 2 1 . 6 60 .0
I C P 8 8 6 3 12.6 16.2 49 .0 98 .8 82 .5 79 .4 140.0
KSSC began multiplying and distributing seed almost immediately after ICP 8863 was
released in 1986. However, they estimate that they can meet only 15% of the annual
demand (KSSC, personal communication). This figure was based on the estimate that
farmers usually purchase and replace seed once in 3 years. KSSC seed is distributed to
various districts and blocks on demand. The company procures seed from seed produc-
ers at Rs 13.75 kg-1 and sells certified seed at Rs 18 kg-1 (1993/94 prices).
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Discussions with NARS scientists, extension personnel, and specialists and village assist-
ants of the Department of Agriculture were equally helpful. They provided very useful
directions for ground-truthing adoption levels. For example, reports by specialists of the
Principal Agricultural Offices of the Department of Agriculture in Karnataka indicated
that in 1994, Maruti occupied about 116 120 ha in the major pigeonpea-growing districts
of Karnataka. Figure 3 shows that data obtained from subject matter specialists match
closely with data collected during the on-farm surveys, especially in Bidar district.
Farm cost structure
Table 5 shows a cost analysis for ICP 8863 based on input and output data from on-farm
surveys. Yield and input use are compared between ICP 8863 and the best cultivar used
by farmers before this variety became available.
Research costs
The costs of wilt-resistance research at ICRISAT and its partner institutions in the
NARS were estimated from annual budgets (Table 6). Historical budget records
disaggregated by research program are very difficult to reconstruct for research con-
ducted at ICRISAT during the early years. Thus, for the purposes of this study, expendi-
ture on fusarium wilt research was estimated with guidance from scientists who were part
of ICRISAT's wilt research team during those years, and administrative officers in
charge of budgets. The breakdown of research costs was made on the basis of the re-
search team's salaries, and the proportion of each scientist's time spent on fusarium wilt.
Operating costs were estimated from the total operating costs for the Legumes Pathology
program, which focused on three major research activities during that period -
pigeonpea fusarium wilt, pigeonpea sterility mosaic, and chickpea wilt complex. Similar
imputations were made for the NARS counterpart funds.
Two budget scenarios (low and high) are discussed. This range in budget allocations
reflects the variation in estimates made by different staff members. The lower budget
scenario is also a way to simulate the effect of marginal budget reductions on the net
benefits flowing from the research.
A s s e s s m e n t of benefi ts f rom technology adopt ion
This section discusses quantitative indicators of the benefits from the use of ICP 8863.
Results are analyzed to draw important lessons for research and extension policy and
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F i g u r e 3 . A d o p t i o n o f I C P 8863 ( M a r u t i ) a s i n d i c a t e d b y S u b j e c t
M a t t e r S p e c i a l i s t s a n d s u r v e y d a t a .
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B i d a r d i s t r i c t
100
9 0
8 0
70
6 0
5 0
4 0
3 0
2 0
10
0
1 9 8 5 1 9 8 6 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3
Y e a r
G u l b a r g a dis t r ic t
100
9 0
8 0
70
60
5 0
4 0
3 0
2 0
10
0
1 9 8 5 1 9 8 6 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3
Y e a r
T a b l e 5 . C o s t a n a l y s i s o f r e s e a r c h i m p a c t o f I C P 8863 .
U n i t
pr ice
(Rs)
Best cult ivar u sed
before I C P 8 8 6 3 I C P 8 8 6 3
U n i t Q u a n t i t y
C o s t
(Rs)
C o s t
Q u a n t i t y (Rs)
V a r i a b l e c o s t s 1
M a l e labor
L a n d p repa ra t ion days 20 .00 7.00 140.00 8.00 160 .00
F Y M appl ica t ion days 2 0 . 0 0 2 .47 4 9 . 4 0 0 .64 12.80
S o w i n g days 30 .00 1.85 55 .50 1.25 37 .50
W e e d i n g days 20 .00 0.82 16.40 - -
Fert i l izer appl ica t ion days 20 .00 0.41 8.20 - -
In t e r cu l tu re days 20 .00 4 .00 80 .00 5.40 108 .00
Ir r iga t ion days 20 .00 1.24 24 .80 3.00 6 0 . 0 0
Spray ing days 25 .00 6.00 150.00 7.00 175 .00
Harves t i ng days 25 .00 5.35 133.75 7.00 175 .00
T h r e s h i n g days 25 .00 6.18 154.50 3.82 9 5 . 5 0
F e m a l e labor
L a n d p repa ra t i on days 12.00 6.00 7 2 . 0 0 8.00 9 6 . 0 0
F Y M appl ica t ion days 12.00 3.29 3 9 . 4 8 0.55 6.60
Sowing days 13.50 2.00 27 .00 3.35 4 5 . 2 3
W e e d i n g days 13.50 17.00 2 2 9 . 5 0 17.40 2 3 4 . 9 0
Fert i l izer appl ica t ion days 12.00 1.44 17.28 2.71 3 2 . 5 2
Harves t i ng days 13.50 3.29 4 4 . 4 2 1.10 14 .85
T h r e s h i n g days 13.50 12.30 166.05 11.25 151 .88
Bul lock labor
L a n d p repa ra t i on days 50 .00 6.00 3 0 0 . 0 0 6.00 3 0 0 . 0 0
F Y M appl ica t ion days 50 .00 3.00 150.00 0.46 2 3 . 0 0
S o w i n g days 65 .00 1.65 107.25 1.18 7 6 . 7 0
I n t e r cu l tu re days 50 .00 2.00 100.00 4 .00 2 0 0 . 0 0
Spray ing days 50 .00 - - 0.46 2 3 . 0 0
T h r e s h i n g days 60 .00 0.82 4 9 . 2 0 1.14 6 8 . 4 0
Seed kg 15.00 12.35 185.25 9 .50 171 .00
@ Rs l 8 kg-1
F a r m y a r d m a n u r e kg 0.15 5 2 6 9 . 0 0 7 9 0 . 3 5 8 2 3 . 0 0 123 .45
1. Costs expressed in ha-1 year-1
Continued...
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Table 5. Continued. 
U n i t
pr ice
(Rs)
Bes t cult ivar u s e d
before I C P 8 8 6 3 I C P 8 8 6 3
U n i t Quan t i t y
C o s t
(Rs) Q u a n t i t y
C o s t
(Rs)
Fert i l izer
U r e a kg 2 .70 - - 3 6 . 3 6 9 8 . 1 7
D A P kg 6.50 70 .00 4 5 5 . 0 0 53 .06 3 4 4 . 8 9
S S P kg 3.00 - - 3.43 10.29
20 :20 :0 kg 5.40 - - 30 .87 166 .70
15:15:15 kg 5.20 2 0 . 5 8 107.02 - -
Pes t ic ides 1 240 .00 1.65 3 9 6 . 0 0 1.70 4 0 8 . 0 0
E q u i p m e n t
L a n d p r e p a r a t i o n days 8 0 0 . 0 0 - - 0.07 56 .00
Ir r iga t ion days 16.00 1.03 16.48 2 .15 34 .40
M i s c e l l a n e o u s 2 0 3 . 2 4 175.49
T o t a l v a r i a b l e c o s t s 1 4 2 6 8 . 0 6 3 6 8 5 . 2 6
F i x e d c o s t s 1
T a x o n o w n e d l and 60 .00 60 .00
T a x o n l and 1200 .00 1200 .00
D e p r e c i a t i o n a n d
in teres t on capital 810 .00 8 1 0 . 0 0
T o t a l fixed costs1 2 0 7 0 . 0 0 2 0 7 0 . 0 0
T o t a l cos t 1 6 3 3 8 . 0 6 5 7 5 5 . 2 6
O u t p u t 2
G r a i n kg 5.47 700 .00 3 8 2 9 . 0 0 1099 .61 5 4 6 5 . 0 6
@ Rs 4.97 kg
-1
B y - p r o d u c t kg 1.20 500 .00 600 .00 7 2 5 . 0 0 8 7 0 . 0 0
@ Rs 1.20 kg
-1
Stalk kg 0.20 1500.00 3 0 0 . 0 0 1900 .00 3 8 0 . 0 0
@ Rs 0.20 kg
-1
T o t a l v a l u e o f o u t p u t 2 R s 4 7 2 9 . 0 0 6 7 1 5 . 0 6
U n i t c o s t a s s e s s m e n t
Variable cost Rs t-1 6 0 9 7 . 2 3 3 3 5 1 . 4 2
F i x e d cost Rs t-1 2 9 5 7 . 1 4 1882 .49
T o t a l cost Rs t-1 9 0 5 4 . 3 7 5 2 3 3 . 9 1
U n i t c o s t r e d u c t i o n
Variable cos t R s t-1 2 7 4 5 . 8 1
F i x e d cost Rs t-1 1074 .66
T o t a l cost R s t-1 3 8 2 0 . 4 7
1. Costs expressed in ha-1 year-1. 2. Output expressed in ha-1 year-1
16
T a b l e 6 a . A n n u a l c o s t s ( U S $ ) for f u s a r i u m w i l t r e s e a r c h c o n d u c t e d b y
I C R I S A T a n d t h e N A R S .
Resea rch expend i tu re by
Y e a r I C R I S A T N A R S Object ive
1975 /76 - 845 Select ion from landrace
1977 5 070 845 Original col lect ion s ow n in wilt-sick p lo t a t I A C
1978-80 4 2 2 5 0 8 4 5 F u r t h e r purif icat ion
1981-83 42 2 5 0 845 M u l t i n a t i o n a l sc reening for res is tance
1984/85 - 1267.5 On-s t a t i on a n d on- fa rm a d a p t a t i o n trials
1986-89
-
2 5 3 5 Seed mul t ip l ica t ion a n d ex tens ion after release
B a s i s for I C R I S A T ' s a n n u a l r e s e a r c h c o s t ( U S $ ) .
Staff m e m b e r
Cos t for
ent i re
year
P r o p o r t i o n (%)
of t ime spen t on
fusar ium wilt
B u d g e t
a l locat ion
1 Pr inc ipa l Scient is t 80 0 0 0 18 14 4 0 0
1 N a t i o n a l Scientis t 8 000 100 8 0 0 0
1 Resea rch Associate 2 4 0 0 100 2 4 0 0
1 F ie ld assis tant 1 200 100 1 2 0 0
3 F ie ld laborers 1 250 100 1 2 5 0
O p e r a t i n g expenses 15 0 0 0
T o t a l 4 2 2 5 0
T a b l e 6 b . A n n u a l c o s t s ( U S $ ) for f u s a r i u m w i l t r e s e a r c h c o n d u c t e d b y
I C R I S A T a n d t h e N A R S ( l o w - r a n g e f u n d i n g s c e n a r i o ) .
Research expend i tu re by
Year I C R I S A T N A R S Object ive
1975/76
1977
1978-80
1981-83
1984 /85
1986-89
3 309
33 0 9 1
33 091
662
6 6 2
6 6 2
6 6 2
9 9 3
1985
Select ion from landrace
Original col lect ion s o w n in wilt-sick p lo t a t I A C
F u r t h e r purif icat ion
Mul t i loca t iona l sc reen ing for res is tance
O n - s t a t i o n a n d on - fa rm a d a p t a t i o n trials
Seed mul t ip l ica t ion a n d ex tens ion after release
Continued...
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T a b l e 6 b . Continued. 
B a s i s for c a l c u l a t i n g I C R I S A T ' s a n n u a l r e s e a r c h c o s t ( U S $ ) .
Staff m e m b e r Ful l cost
P ropo r t i on (%)
of t ime spen t on
fusar ium wilt
B u d g e t
a l locat ion
1 Pr inc ipa l Scient is t
1 N a t i o n a l Scient is t
1 Resea rch Assoc ia te
1 F i e ld ass is tant
3 F ie ld laborers
O p e r a t i n g expenses
T o t a l
80 0 0 0
8 000
2 4 0 0
1 2 0 0
1 250
9
75
100
100
100
7 2 4 1
6 0 0 0
2 4 0 0
1 2 0 0
1 2 5 0
15 0 0 0
3 3 0 9 1
help guide future research priorities. Tables 7 and 8 present a summary of data reported
in previous sections, and show the basic information needed to assess research benefits
(for the target region). The net present value of the stream of benefits from fusarium wilt
research is obtained by analyzing the following information:
• production levels in the study area
• cost structures based on on-farm surveys
• varying adoption levels in different adoption regimes
• possible input variation across regions
• research costs.
The internal rate of return to research investment is also presented.
The base-case analysis uses parameter estimates based on on-farm survey data on inputs,
outputs, and costs involved in the production of ICP 8863 and a wilt-susceptible local
variety used by farmers in the study area.
The survey data show that ICP 8863 provides considerable yield gains over the next best
cultivar - 57% gain in grain yield, 4 5 % in fodder, 27% in stalk yield. These yield benefits
due to the utilization of wilt-resistant ICP 8863 has expanded production levels as yield
gains translate to lower per unit production costs and improved profitability levels.
A cost analysis based on on-farm survey data (Table 5) indicates that the use of ICP 8863
reduces unit cost by as much as 42%, or Rs 3820.47 per tonne. The major differences in
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Table 7. Background information: wilt-endemic regions in central and
peninsular India.
Total
pigeonpea
area
('000 ha)
Total production ('000 t)
Year Karnataka
Andhra Pradesh and
Maharashtra borders
Maharashtra and
Madhya Pradesh
1970 732.48 74.21 45.80 237.43
1971 649.19 50.48 29.67 223.62
1972 640.37 20.76 23.54 192.45
1973 758.72 50.32 42.37 281.38
1974 746.98 80.13 43.08 310.37
1975 795.73 131.01 54.62 327.50
1976 751.57 78.39 37.54 216.61
1977 769.19 116.84 38.05 259.05
1978 807.41 115.71 51.90 297.16
1979 799.30 137.35 57.35 320.57
1980 866.76 55.25 46.65 285.57
1981 895.05 112.00 60.30 342.47
1982 830.17 67.38 52.69 349.16
1983 941.55 88.42 76.01 381.85
1984 983.28 127.34 70.79 391.61
1985 991.56 123.57 57.92 393.28
1986 1001.31 110.30 33.15 333.68
1987 1044.00 141.40 75.75 431.25
1988 1168.95 111.11 49.25 528.54
1989 1232.69 127.24 100.90 587.27
1990 1278.92 115.46 47.29 363.14
Source: Indian Agricultural Statistics, Agricultural Situation in India.
Table 8. Summary data for benefit assessment of ICP 8863 for the target region.
Base level of annual (1986-88 average) production 120 935 t 
Base price level (1986-88 average) Rs 5468 t-1
Supply elasticity 0.2
Demand elasticity -0.5
Discount rate used for benefit assessment 0.08
Unit cost reduction Rs. 3820.47 t-1
Slope of supply curve 4.423015
Slope of demand curve 11.05754
Exchange rate (1 US$) Rs 30.9
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input use between ICP 8863 and the local variety are in seed rate and use of farmyard
manure. Farmers use higher seed rates for the local variety, for two reasons: Maruti seed
is more expensive, and wilt losses in the local variety have to be compensated for. Farm-
ers also tend to use more farmyard manure on the local variety.
Given the research costs presented in Table 6, the base price of Rs 5468 (US$ 177) per
tonne, a discount rate of 8%, supply elasticity of 0.2, demand elasticity o f -0 .5 , and the
estimated adoption rates depicted in Figure 4, the net present value of benefits accruing
to the primary target area of northern Karnataka alone is US$ 25.5 million (Table 9).
Additional benefits worth about US$ 36.4 million flow to the diffusion zones in Andhra
Pradesh, Maharashtra, and Madhya Pradesh (Tables 10 and 11). Thus, the total net
present value of benefits from fusarium wilt research is approximately US$ 61.7 million.
This represents an internal rate of return of 65% resulting from the benefits accruing to
the various regions covered in the study.
Farmers were interviewed to discover their perceptions of the benefits from the use of
ICP 8863. They described several benefits
• greater disease resistance
• shorter duration (160 days) than other available medium-duration varieties
• suitability for sowing both in the rainy season and in the early part of the postrainy
season
• suitability for either sole- or intercropping
• efficiency in input use, i.e., good response to irrigation and a plant height that is
ideal for plant protection operations.
Follow-up monitoring in the regions covered by the study also provided feedback on
impact. For example, Raju (1993) reported after a monitoring tour of Gulbarga that wilt
incidence in farmers' fields in the area was low, and that farmers attributed this improve-
ment primarily to the widespread cultivation of ICP 8863.
In Maharashtra, where ICP 8863 has not been released, the strong evidence of high demand
for ICP 8863 (Bantilan and Joshi 1995) led to two positive policy actions. First, the manage-
ment of the Maharashtra State Seeds Corporation, the main public seed agency in the
state, was convinced of the need to produce substantial quantities to meet the fast-growing
demand. Starting 1995, the Corporation bought breeder seed from KSSC to initiate their
own ICP 8863 seed multiplication and distribution program. They have also contracted
seed growers across Maharashtra to produce certified and truthfully labeled seed.
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Table 10. Analysis of benefits from ICP 8863 research flowing to districts of Andhra
Pradesh and Maharashtra bordering Karnataka.
Research gains (US$) Distribution of benefits
Year Total
Adoption
level
Annual
gains
Consumers
(US$) (%)
Producers
(US$) (%)
Present
value 11 237 164 3 2 1 0 6 1 8 8 026 546
Total 65 993 759 18 855 360 47 138 399
1975 0
1976 0
1977 0
1978 0
1979 0
1980 0
1981 0
1982 0
1983 0
1984 0
1985 0
1986 72 640 0.010 7 264 035 20 754 28.57 51 886 71.43
1987 181 601 0.025 7 264 035 51 886 28.57 129 715 71.43
1988 435 842 0.06 7 264 035 124 526 28.57 311 316 71.43
1989 944 325 0.13 7 264 035 269 807 28.57 674 518 71.43
1990 1 816 009 0.25 7 264 035 518 860 28.57 1 297 149 71.43
1991 2 832 974 0.39 7 264 035 809 421 28.57 2 023 553 71.43
1992 3 632 018 0.50 7 264 035 1 037 719 28.57 2 594 298 71.43
1993 3 995 219 0.55 7 264 035 1 141 491 28.57 2 853 728 71.43
1994 4 213 140 0.58 7 264 035 1 203 754 28.57 3 009 386 71.43
1995 4 285 781 0.59 7 264 035 1 224 509 28.57 3 061 272 71.43
1996 4 358 421 0.60 7 264 035 1 245 263 28.57 3 113 158 71.43
1997 4 358 421 0.60 7 264 035 1 245 263 28.57 3 113 158 71.43
1998 4 358 421 0.60 7 264 035 1 245 263 28.57 3 113 158 71.43
1999 4 358 421 0.60 7 264 035 1 245 263 28.57 3 113 158 71.43
2000 4 358 421 0.60 7 264 035 1 245 263 28.57 3 113 158 71.43
2001 4 358 421 0.60 7 264 035 1 245 263 28.57 3 113 158 71.43
2002 4 358 421 0.60 7 264 035 1 245 263 28.57 3 113 158 71.43
2003 4 358 421 0.60 7 264 035 1 245 263 28.57 3 113 158 71.43
2004 4 358 421 0.60 7 264 035 1 245 263 28.57 3 113 158 71.43
2005 4 358 421 0.60 7 264 035 1 245 263 28.57 3 113 158 71.43
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Table 11. Analysis of benefits from ICP 8863 research flowing to the diffusion zone in
eastern Maharashtra and southern Madhya Pradesh.
Research gains (US$) Distribution of benefits
Year Total
Adoption
level
Annual
gains
Consumers
US$ (%)
Producers
US$ (%)
Present
value 25 202 557 7 200 730 18 001 826
Total 162 281 728 46 366 208 115 915 520
1975 0
1976 0
1977 0
1978 0
1979 0
1980 0
1981 0
1982 0
1983 0
1984 0
1985 0
1986 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 0
1988 5 405 0.0001 54 054 270 1 544 28.57 3 861 71.43
1989 1 189 194 0.0220 54 054 270 339 770 28.57 849 424 71.43
1990 1 091 896 0.0202 54 054 270 311 970 28.57 779 926 71.43
1991 2 156 765 0.0399 54 054 270 6 1 6 2 1 9 28.57 1 540 547 71.43
1992 7 027 055 0.130 54 054 270 2 007 730 28.57 5 019 325 71.43
1993 9 189 226 0.170 54 054 270 2 625 493 28.57 6 563 733 71.43
1994 9 459 497 0.175 54 054 270 2 702 713 28.57 6 756 784 71.43
1995 10 000 040 0.185 54 054 270 2 857 154 28.57 7 142 886 71.43
1996 10 540 583 0.195 54 054 270 3 011 595 28.57 7 528 988 71.43
1997 11 081 125 0.205 54 054 270 3 166 036 28.57 7 915 089 71.43
1998 11 621 668 0.215 54 054 270 3 320 477 28.57 8 301 191 71.43
1999 11 891 939 0.220 54 054 270 3 397 697 28.57 8 494 242 71.43
2000 12 162211 0.225 54 054 270 3 474 917 28.57 8 687 293 71.43
2001 12 432 482 0.230 54 054 270 3 552 138 28.57 8 880 344 71.43
2002 12 702 753 0.235 54 054 270 3 629 358 28.57 9 073 395 71.43
2003 12 973 025 0.240 54 054 270 3 706 578 28.57 9 266 446 71.43
2004 13 243 296 0.245 54 054 270 3 783 799 28.57 9 259 497 71.43
2005 13 513 567 0.250 54 054 270 3 861 019 28.57 9 652 548 71.43
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T a b l e 12 . A n a l y s i s for b e n e f i t s f r o m I C P 8863 ( M a r u t i ) r e s e a r c h u n d e r
f a v o r a b l e e n v i r o n m e n t .
Net benefits
($US)
Research costs (US 8) Research gains (US$) - Karnataka
Year Total ICRISAT
ICAR/other
institutions Total
Adoption
level
Annual
gains
Present
value 79 776 211 169 099 158 403 10 696 25 466 357
Total 517 673 289 279 273 257 725 21 548 147 514 346
1975 (845) 845 0 845
1976 (845) 845 0 845
1977 (5 070) 5 070 4 225 845
1978 (43 095) 43 095 42 250 845
1979 (43 095) 43 095 42 250 845
1980 (43 095) 43 095 42 250 845
1981 (43 518) 43 518 42 250 1268
1982 (43 518) 43 518 42 250 1 268
1983 (43 518) 43 518 42 250 1 268
1984 (1 268) 1268 0 1 268
1985 (1 268) 1 268 0 1 268
1986 87 374 2 535 0 2535 17 268 0.0011 15 698 527
1987 266 978 2 535 0 2535 87 912 0.0056 15 698 527
1988 909 668 2 535 0 2535 470 956 0.03 15 698 527
1989 4 014 807 2 535 0 2535 1 883 823 0.12 15 698 527
1990 8 245 404 0 0 0 5 337 499 0.34 15 698 527
1991 13 152 973 0 0 0 8 163 234 0.52 15 698 527
1992 19 764 218 0 0 0 9 105 145 0.58 15 698 527
1993 22 603 561 0 0 0 9 419 116 0.60 15 698 527
1994 24 443 110 0 0 0 9 419 116 0.60 15 698 527
1995 27 218 464 0 0 0 9 419 116 0.60 15 698 527
1996 29 993 818 0 0 0 9 419 116 0.60 15 698 527
1997 32 696 531 0 0 0 9 419 116 0.60 15 698 527
1998 35 399 245 0 0 0 9 419 116 0.60 15 698 527
1999 38 101 958 0 0 0 9 419 116 0.60 15 698 527
2000 40 804 672 0 0 0 9 419 116 0.60 15 698 527
2001 41 885 757 0 0 0 9 419 116 0.60 15 698 527
2002 42 966 843 0 0 0 9 419 116 0.60 15 698 527
2003 44 047 928 0 0 0 9 419 116 0.60 15 698 527
2004 45 129 013 0 0 0 9 419 116 0.60 15 698 527
2005 46 210 099 0 0 0 9 419 116 0.60 15 698 527
Internal rate of return = 0.6523
Continued.
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Table 12. Continued. 
Research gains (US $)
Andhra Pradesh and
Maharashtra borders Maharashtra and Madhya Pradesh
Year Total
Adoption
level
Annual
gains Total
Adoption
level
Annual
gains
Present
value 11 237 164 43 241 789 
Total 65 993 759 304 444 457
1975 0 0
1976 0 0
1977 0 0
1978 0 0
1979 0 0
1980 0 0
1981 0 0
1982 0 0
1983 0 0
1984 0 0
1985 0 0
1986 72 640 0.01 7 264 035 0 0 0
1987 181 601 0.025 7 264 035 0 0 0
1988 435 842 0.06 7 264 035 5 405 0.0001 54 054 270
1989 944 325 0.13 7 264 035 1 189 194 0.0220 54 054 270
1990 1 816 009 0.25 7 264 035 1 091 896 0.0202 54 054 270
1991 2 832 974 0.39 7 264 035 2 156 765 0.0399 54 054 270
1992 3 632 018 0.50 7 264 035 7 027 055 0.13 54 054 270
1993 3 995 219 0.55 7 264 035 9 189 226 0.17 54 054 270
1994 4 213 140 0.58 7 264 035 10 810 854 0.20 54 054 270
1995 4 285 781 0.59 7 264 035 13 513 567 0.25 54 054 270
1996 4 358 421 0.60 7 264 035 16 216 281 0.30 54 054 270
1997 4 358 421 0.60 7 264 035 18 918 994 0.35 54 054 270
1998 4 358 421 0.60 7 264 035 21 621 708 0.40 54 054 270
1999 4 358 421 0.60 7 264 035 24 324 421 0.45 54 054 270
2000 4 358 421 0.60 7 264 035 27 027 135 0.50 54 054 270
2001 4 358 421 0.60 7 264 035 28 108 220 0.52 54 054 270
2002 4 358 421 0.60 7 264 035 29 189 306 0.54 54 054 270
2003 4 358 421 0.60 7 264 035 30 270 391 0.56 54 054 270
2004 4 358 421 0.60 7 264 035 31 351 476 0.58 54 054 270
2005 4 358421 0.60 7 264 035 32 432 562 0.60 54 054 270
2 6
The second and perhaps more important policy consequence is the planned release of
the variety in Maharashtra. The adoption data and feedback from farmers reported in
this study were used to initiate procedures for its release. This policy action will help
significantly to remove seed availability as a binding constraint to adoption, and is likely
to raise the ceiling level of adoption. Assuming that the adoption ceiling will eventually
reach 60% (the same level as in Karnataka), substantial potential benefits - of the order
of US$ 79.8 million - are estimated (Table 12).
Summary and conclusions
The wilt-resistant pigeonpea variety ICP 8863 (Maruti) is a product of joint research and
development by ICRISAT and the Indian NARS. It was selected and identified from
P-15-3-3, a landrace from Badnapur, Maharashtra, and stored in the ICRISAT
germplasm collection. Further purification was undertaken at ICRISAT Asia Center,
and multilocational screening was conducted through the IIUTPWR cooperative trials
involving ICRISAT and several NARS institutions. Scientists from the Agricultural Re-
search Station in Gulbarga pushed aggressively for the release of ICP 8863 in Karnataka,
where wilt incidence was growing progressively more severe.
The entire process, from selection to its release in Karnataka in 1986, involved a total of
11 years of applied and adaptive research conducted jointly by ICRISAT and the NARS.
The Karnataka program invested another 4 years (1986-1989) for seed multiplication
and extension.
A systematic tracking approach was developed, using complementary information from
several sources. These include secondary district/block level data on area, production,
and yield, seed sector sales, farm-level reconnaissance, and formal surveys. This informa-
tion was pieced together to form a composite picture of the spread of ICP 8863.
The results of this study clearly demonstrate the significant impact of ICP 8863, which
now dominates the pigeonpea tracts of northern Karnataka, considered the pigeonpea
granary of South Asia. Diffusion to districts in the neighboring states of Andhra Pradesh,
Maharashtra, and Madhya Pradesh also occurred. The cultivar occupies almost 60% of
the pigeonpea area in the wilt-affected districts of northern Karnataka and the bordering
districts of Andhra Pradesh and Maharashtra. Nonavailability of seed has constrained
adoption in the wilt-endemic areas of eastern Maharashtra, but an informal sector has
evolved to meet the demand for seed. The private sector in Maharashtra does produce
ICP 8863 seed, but is constrained by limited availability of breeder seed from KSSC. It
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